Abstract. Sulfonated poly (arylene ether sulfone)s (SPAESs) exhibit good proton conductivity, thermal and mechanical properties, could act as candidates of proton exchange membranes for fuel cells. At the same time, the poor oxidative stability and excessive swelling ratio of SPAESs bring limitations for its further use. In this article, PAN was employed to mix with SPAES, and then SPAES/PAN blend membranes were prepared from the blend solution by casting. The water uptake, dimensional and oxidative stability, proton conductivity were measured with respect to the addition content of PAN, the phase morphology of the resultant SPAES/PAN were also observed by SEM. The results explained that the corporation of PAN into SPAES could reduce the water uptake and improve the oxidative stability of the obtained membranes compared with the pristine SPAES membrane. That the PAN phase distributed as separated domains in SPAES matrix was found, the interaction between SPAES and PAN may be present, which is responsible for the improvement of dimensional and oxidative stability. Although the proton conductivity of the blend membranes became reduced with increase of PAN content in the SPAES/PAN blend, the conductivity of 0.0265S/cm at 30 o C could still be reached, satisfying the requirement for proton exchange membrane Fuel Cell
Introduction
Polymer electrolyte membrane fuel cells (PEMFC) have attracted considerable attention as candidates for alternative power sources due to their high power density, good energy conversion efficiency, and zero emissions levels [1] [2] [3] . As the core component, proton exchange membranes act as roles of proton transporter and fuel barrier in PEMFC. Ideal proton exchange membranes should meet the requirements of high proton conductivity, low methanol crossover, excellent mechanical properties and reliable chemical stability at the same time. Sulfonated poly (arylene ether sulfone)s (SPAESs), as a kind of novel polymer electrolytes, are comparative cheaper and easier to prepare. The good proton conductivity, thermal and mechanical properties of SPAESs make them as alternative proton exchange membranes for fuel cells. However, the poor oxidative stability and excessive swelling ratio of SPAESs bring limitations for their further use. The dimensional and oxidative stability of SPAESs proton exchange membranes are crucial issues that require improvement through suitable modification method.
Several promising investigations by introducing Polyacrylonitrile(PAN) to prepare composite proton exchange membranes have been reported in recent years. James et al. prepared a series of blending sulfnoted poly (ether ether ketone) (SPEEK)/ PAN composite membranes [4] . They found the incorporation of PAN into SPEEK membranes significantly reduced the swelling in hot water and decreased methanol permeability of the membranes. In Liang Hong and coworkers' recent work, the interaction between nitrile group of PAN and sulfonic group of polymer electrolyte have been verified by FTIR [5] . Hence, involving PAN into sulfonated polymer electrolytes may be a good method to improve their dimensional stability.
In our previous work, we successfully synthesized a novel SPAES containing fluorophenyl group in the main chain, which possessed good thermal stability, excellent mechanical property, high proton conductivity and H 2 /O 2 single cell performance [6, 7] . As same as other SPAESs, the fluorophenyl group containing SPAES also face the problems of poor oxidative stability and excessive swelling ratio. Therefore, to develop a composite membrane by introducing PAN into the fluorophenyl group containing SPAES may provide a way to solve the problems above. In this article, different amount PAN was employed to mix with SPAES, and then SPAES/PAN blend membranes were prepared from the blend solution by casting. In addition, the effect of the employed PAN amount on the membrane performance was also been investigated.
Experimental
Materials. SPAES (degree of sulfonation=0.8) were synthesized according to the method as we reported [6] .PAN (Mw=80000), N, N-dimethyl acetamide (DMAC), hydrochloric acid and peroxide solution are commercially available and were used as received. To attain the H+ form membranes, the dry membranes were impregnated in 1.0 M HCl solution for 48 h, then washed by deionized water for three times and soaked in deionized water for 24 h. For convenience, the membranes with different weight ratios are designated as S95P5,S90P10 and S85P15.For example, the S95P5 indicates the membrane was composed by 95 wt.% SPAES and 5 wt.% PAN, the S90P10 indicates the membrane was composed by 90 wt.% SPAES and 10 wt.% PAN, and so on. Analysis by scanning electron microscopy (SEM). SEM was employed to observe PAN distribution in the blend membranes. Cross cuts of the blend membranes were prepared by breaking them under liquid nitrogen with two small nippers. Water uptake. Water uptake (WU) of the SPAES/PAN blend membranes was calculated by setting the weight variation between the dry and wet membranes. The sample membranes were dried under vacuum at 80°C for 24 h to get the dry weight (W dry ), and then immersed in deionized water at a given temperature for 24 h. Then the membranes were taken out, wiped with tissue paper, and quickly weighed up to get the wet weights (W wet ). Water uptake of the membranes was calculated by the following Eq. (1) :
(1) Swelling ratio. Dimension swelling ratios of membranes were investigated by immersing sheets of membrane in liquid water at different temperatures. Dimension swelling stability can be represented by the changes of area which were calculated from Eq. (2) : ∆S=(S wet -S dry )/S dry ×100%.
(2)
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Proton conductivity. The proton conductivity of each membrane was determined by membrane resistance measured using alternating current (AC) impedance spectrum technique (CHI 760 d).
The proton conductivity was calculated from Eq. (3):
σ=d/(t s w s R). (3) Where d was the distance between the two reference electrode; t s and w s were the thickness and width of the membrane, respectively. R was resistance value which was measured over the frequency from 1 Hz to 100 KHz. Two pairs blacken platinum plates as electrodes were oppositely set in two Teflon cells and a sheet of membrane (1.0 cm×0.5 cm) was put onto cells as a bridge between the two electrodes with distance of which is 0.5 cm. Conductivity measurement under fully hydrated condition was carried out in a thermo-controlled chamber with the membrane immersed in liquid water. Mechanical properties. Samples were immersed in pure water for 24h at room temperature before testing. Mechanical properties were measured by a strength tensile apparatus at room temperature. All the samples were measured using a programmed elongation rate of 6mm/min. Oxidative stability. The oxidative stability of the membranes was tested by immersing the films into Fenton's reagent (3% H 2 O 2 containing 2 ppm FeSO 4 ) at 80 o C. The retained weights (RW) of membranes after treatment in Fenton's reagent for 1 h, and the dissolution time (T) of polymer membranes into the reagent, were used to evaluate the comparative oxidative resistance.
Results and discussion

SEM analyses of cross-sectional areas of the SPAES/PAN blend membranes.
SEM was employed to observe PAN distribution in blend membranes. The cross-sectional areas of SEM micrographs from the membranes prepared with different content of PAN were illustrated in Fig.1 . It could be seen from Fig.1 that PAN phase distributed as separated domains in S95P5 and S90P10 samples ,and these domains disperse well in SPAES matrix and format island structure. When the content of PAN increased to 15 wt. %, the texture size of PAN domains become larger compared to that with 5-10 wt. % of PAN. An approximate continuous phase of PAN was observed in S85P15 samples. For all of these samples, no visible pores could be observed in SEM micrographs even at magnifications of 5000X, indicating that the PAN have good miscibility with SPAES, which can attributed to the probable existing interaction between nitrile group of PAN and sulfonic group of SPAES [5] . 
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Water uptake and Dimensional stability. Water uptake and dimensional stability are key considerations for proton exchange membranes. Too low water uptake reduces proton transport, while extreme water uptake causes overmuch swelling and the loss of dimensional stability. The water uptake and swelling ratio of blend membranes in 50 o C are shown in Fig.2 .Compared with the pristine SPAES membrane, it can be seen the incorporation of PAN reduces the water absorption of the blend membranes, as the water uptake decrease with increasing of PAN content. Corresponding trend can be also found in the swelling ratio of blend membranes. The result showed that the introduction of PAN can significantly improve the dimensional stability of SPAES membranes. Proton conductivity. Fig.3 shows the proton conductivities as a function of temperature. To get an insight into conductivity-temperature relationship, the proton conductivities of blend membranes at different temperature were measured under fully hydrated condition. Compared with the pristine SPAES, the incorporation of PAN leads to a slightly loss of proton conductivities, but the blend membranes could still provide sufficient proton conductivities. The conductivity of 0.0265S/cm at 30 o C could still be reached, satisfying the requirement for proton exchange membrane Fuel Cell. C. This method is regarded as one of the standard tests to gauge relative oxidative stability and to simulate accelerated fuel cell operating conditions. The retained weights (RW) after treating in Fenton's reagent for 1h and the completely dissolution time (T) of the blend membranes were used to evaluate the effects of PAN incorporation to the oxidative stability of the blend membranes. Results were listed in Table. 1.The RW and T has increased from 96.0% to 97.8% and 3h to more than 24h, respectively, from which we can conclude that the more PAN incorporated into the SPAES matrix, the better oxidative stability of blend membranes will be reached. Actually, the membranes of S85P15 will not even be torn after being treated for 24h, because the incorporated PAN formats a continuous phase in the blend membrane and will not be dissolved by Fenton's reagent.
Conclusions
A series of SPAES/PAN blend membranes were prepared by casting of blend solutions. The blend membranes showed the phase separation morphology, that is PAN distributed in SPAES matrix. The dimensional and oxidative stability of the blend membranes increased with increasing addition of PAN. Although slightly loss of proton conductivities and tensile strength happened at the same time, the remained proton conductivities and tensile strength can still satisfy the blend membranes act as a candidate of proton exchange membranes in Fuel Cell.
